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The specific goal of this project was to apply the concept of nucleic acid third strand binding for the purpose of exploring the possibility of isolating individual human chromosomes. Towards this end, a more general overall goal had to be developed, mainly to explore the possibility of utilizing nucleic acid third strands for the purpose of binding deoxyoligomers to specific target sequences within undenatured DNA in genomes by triple helix formation. Also, one had to find target sequences unique to each of the 23 pairs of human chromosomes.
To achieve these goals, it was first necessary to establish experimental conditions that keep erroneous binding to an absolute minimum. Once such conditions were developed, oligomer probes were utilized for many different purposes: 1) to "capture" large particles such as cosmids, plasmids, and whole chromosomes from complex mixtures by linking the probes to magnetic particles, which could be readily separated because of their magnetic properties; 2) to serve as cytogenetic probes of metaphase chromosomes; 3) to serve as cytogenetic probes of chromosomal DNA in formalin fixed, paraffin embedded tissue sections for diagnostic purposes; 4) to deliver reactive reagents to unique sites on chromosomes in vivo for the purpose of mutagenizing specific DNA base pairs. Of these goals, 1 was partially met, 2 and 4 fully met, while 3 has been met since DOE support was terminated, based largely on the foundation laid during the course of earlier NIH support and then the DOE-sponsored research.
In the case of the human chromosomes, a third strand binding target unique to the centromeres of each of the human chromosome pairs was found by data mining. In addition 2-3 other publications remain to be completed. The first of the published papers, that by Johnson and Fresco, is undoubtedly the most important from the point of view of the major research goal. This paper describes in detail the rationale and a methodology for binding third strand probes to native DNA in the a-satellite region of human chromosome 17. (Subsequently, such a probe was analyzed for the Xchromosome.) It is apparent from the specificity of the 16-nucleotide probe for the target sequence in chromosome 17 that third strand binding affords the necessary specificity to select out a single chromosome. The covalent attachment of that probe to a magnetic bead was found in preliminary experiments to afford relative specificity for those two chromosomes among the 24 pairs in a human cell, but that effort was not pursued to completion due to the extreme effort required both to bring the contents of the JohnsonFresco paper to completion and the additional experimental work devoted to other efforts to demonstrate the uniqueness of nucleic acid third strand binding under conditions that required major innovation and analysis. It was also shown that the specificity of the probe under the binding conditions was sensitive to a single base pair difference.
The so called TISH (third strand in situ hybridization) technology described in the Johnson-Fresco paper has drawn considerable attention, is being applied by others for the fluorescent labeling of whole chromosomes and also for the development of various biomedically valuable diagnostic probes. For the latter, conditions have had to be substantially modified for use with formalin-fixed, paraffin embedded tissue sections.
A second derivative result of the research is found in the paper by Amosova and Fresco. There the goal was to attempt to extend third strand binding to nonhomopurine*homopyrimidine target sequences in any genome, so that genome sequences would not be limited to the 1-2%, for example, of the human genome; the other 98% do not constitute stereochemically compatible target sequences for third strand binding.
Partial success towards this goal was achieved by finding a number of base analogs that with greater or lesser affinity can be used to bind to "inverted" target base pairs that violate the requirement of all-purine*all-pyrimidine base pairs; in other words a pyrimidine*purine pair within a run of purine*pyrimidine pairs. In fact, the findings from this study were exploited in the next investigation initiated under this research grant, i.e., the paper by Broitman, Amosova, Dolinnaya, and Fresco.
That paper described the initial efforts to develop a third strand binding probe to deliver the photo-reactive reagent psoralen to the specific site in the human P-globin gene, which, when it undergoes a transversion mutation causes Sickle Cell Anemia. The effort in this case had to be directed to developing a third strand probe to deliver the psoralen reagent to a section of the gene with a sequence that contains many "inverted" base pairs, and to deliver it with such specificity that the probe would bind nowhere else in the human genome. This project then, was a particularly severe test of the specificity that could be achieved with third strand binding, all the more so because it is hampered by the presence of many inverted base pairs. This goal was met utilizing, in part, two of the base analogs described in the Amosova and Fresco paper, 5-propynyl U and 5-methyl C. This investigation had other values as well, which have been followed up more recently to develop a general method for gene repair in cases of human diseases caused by different point mutations.
The last paper completed in the area of third strand binding specificity involved an analysis of a case of intramolecular triple helix formation in a human gene that plays a regulatory role.
While the actual goal for utilizing third strand binding sequences to isolate intact human chromosomes was not fully met in the course of this project, the methodology developed does enable fluorescent labeling of such chromosomes for flow sorting. More important, with more intense effort, we believe that the stage is set for achieving the original goal if it is still needed, based in very large measure on the research results obtained in this study. In any event, the method does work for plasmids, cosmids and other large double stranded nucleic acid helices; and the other derivative knowledge has proved to be valuable for its own sake and in various other applications.
Additional reports of some of the researches initiated under the DOE support, but followed by further research from other sources can be expected, in which case they will be made known to DOE and suitably acknowledged in due course.
